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(b) All the claims are believed to be directed to a single invention. If the 
Office determines that all the claims presented are not obviously directed to a single 
invention, then Applicants will make an election without traverse as a prerequisite to the 
grant of special status. 

(c) Pre-examination searches were made of U.S. issued patents, including 
a classification search and a computer database search. The searches were performed on or 
around July 16, 2004, and were conducted by a professional search firm, Kramer & Amado, 
P.C. The classification search covered Classes 711 (subclasses 112, 113, 117, 119, 162, and 
165) and 714 (subclasses 5, 6, 9, and 47). The computer database search was conducted on 
the USPTO systems EAST and WEST. The inventors further provided a reference 
considered most closely related to the subject matter of the present application (see reference 
#6 below), which were cited in the Information Disclosure Statement filed with the 
application on July 31, 2003. 

(d) The following references, copies of which are attached herewith, are 
deemed most closely related to the subject matter encompassed by the claims: 

(1) U.S. Patent No. 5,720,028; 

(2) U.S. Patent No. 6,725,331 Bl; 

(3) U.S. Patent Publication No. 2003/0105931 Al; 

(4) U.S. Patent Publication No. 2003/022 1 077 Al ; 

(5) U.S. Patent Publication No. 2004/0123026 Al; and 

(6) Japanese Patent Publication No. 10-333838. 

(e) Set forth below is a detailed discussion of references which points out 
with particularity how the claimed subject matter is distinguishable over the references. 

A. Claimed Embodiments of the Present Invention 

The claimed embodiments relate to a method of configuring pairs each 
consisting of logical devices to be controlled by two or more storage control apparatus. 

Independent claim 1 recites a storage system comprising a host apparatus; and 
a first storage control apparatus configured to control operations to write data into a storage 
device serving as a target specified by the host apparatus and read out data from the storage 
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device. The first storage control apparatus comprises a first processing unit connected to the 
host apparatus and configured to process a command received from the host apparatus; a 
cache memory configured to temporarily store data received from the host apparatus; a 
memory configured to store management information of the storage system; and a second 
processing unit used configured to control an operation to transfer data stored in the cache 
memory to the storage device and connect the storage system to a second storage control 
apparatus. 

Independent claim 6 recites, in a storage system coupled to a host apparatus, a 
first storage control apparatus for controlling operations to write data into a storage device 
serving as a target specified by the host apparatus and read out data from the storage device. 
The first storage control apparatus comprises a first processing unit connected to the host 
apparatus and configured to process a command received from the host apparatus; a cache 
memory configured to temporarily store data received from the host apparatus; a memory 
configured to store management information of the storage system; and a second processing 
unit configured to control an operation to transfer data stored in the cache memory to the 
storage device and connecting the storage system to a second storage control apparatus. 
When receiving the command, the first processing unit references the management 
information held in the first storage control apparatus to determine whether the command is a 
command issued to a logical device on a storage device controlled by the first storage control 
apparatus or a command issued to a logical device on a storage device controlled by the 
second storage control apparatus. 

Independent claim 8 recites a storage system comprising a first storage control 
apparatus configured to control operations to read out data from a storage device serving as a 
target specified by a host apparatus. The first storage control apparatus includes a first 
storage device configured to store data; a first processing unit connected to the host apparatus 
and configured to process a read command received from the host apparatus; and a second 
processing unit configured to read out the data from the first storage device and store the data 
in a cache memory in accordance with a processing result generated by the first processing 
unit. The storage system further includes a second storage control apparatus connected to the 
second processing unit. The second storage control apparatus includes a third processing unit 
configured to process a read command received from the second processing unit; a second 
storage device controlled by the second storage control apparatus; and a fourth processing 
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unit configured to read out the data from the second storage device in accordance with a 
processing result generated by the third processing unit. 

Independent claim 14 recites a control method adopted by a storage system 
having a host apparatus and a first storage control apparatus for controlling operations to 
write data into a storage device serving as a target specified by the host apparatus and read 
out data from the storage device. The first storage control apparatus includes a first 
processing unit connected to the host apparatus and configured to process a command 
received from the host apparatus; a first storage device configured to store data specified in a 
write command received from the host apparatus; a cache memory configured to temporarily 
store data specified in a write command received from the host apparatus or data read out 
from the first storage device in accordance with a read command received from the host 
apparatus; a memory configured to store management information of the storage system; and 
a second processing unit configured to control an operation to transfer data stored in the 
cache memory to the first storage device and connected to a second storage control apparatus 
to control a second storage device. The control method comprises allowing the first 
processing unit to receive a data write or read command from the host apparatus; determining 
whether a command received from the host apparatus has been issued to a logical device on 
the first storage device or a logical device on the second storage device on the basis of the 
management information; and providing a control command to the second storage control 
apparatus if the step of determining indicates that a command received from the host 
apparatus has been issued to the logical device on the second storage device. 

B. Discussion of the References 

None of the references disclose a first storage control apparatus which 
includes a first processing unit configured to process a command from a host apparatus and a 
second processing unit configured to control an operation to transfer data stored in the cache 
memory to the storage device and connect the storage system to a second storage control 
apparatus. Nor do they teach that the first processing unit references the management 
information held in the first storage control apparatus to determine whether the command is a 
command issued to a logical device on a storage device controlled by the first storage control 
apparatus or a command issued to a logical device on a storage device controlled by the 
second storage control apparatus. 
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1. U.S. Patent No. 5,720,028 

This reference discloses an external storage system having a storage unit for 
storing data and a plurality of storage controllers for controlling data transfer between an 
upper level system and the storage unit, with each storage controller having a controller for 
controlling the operation of the storage controller, and an external storage system having a 
management memory for storing management information of a plurality of storage 
controllers. The external storage system has a first storage controller for processing an input- 
output request and a second storage controller for standing by and having the process to be 
executed by the first storage controller and partially executed by the second storage 
controller. 

The reference merely discloses an external storage system having a first 
storage controller for processing an input-output request and a second storage controller to 
standing by. It does not teach a storage system having a first storage control apparatus which 
includes a first processing unit configured to process a command from a host apparatus and a 
second processing unit configured to control an operation to transfer data stored in the cache 
memory to the storage device and connect the storage system to a second storage control 
apparatus, as recited in claim 1 . Nor does it disclose that the first processing unit references 
the management information held in the first storage control apparatus to determine whether 
the command is a command issued to a logical device on a storage device controlled by the 
first storage control apparatus or a command issued to a logical device on a storage device 
controlled by the second storage control apparatus, as recited in claim 6. It also fails to teach 
a processing unit in a first storage device configured to read out data from the first storage 
device and store the data in a cache memory in accordance with a processing result generated 
by another processing unit in the first storage device, and a processing unit in a second 
storage device configured to read out the data from the second storage device in accordance 
with a process result generated by another processing unit in the second storage device based 
on a read command from the processing unit from the first storage device, as recited in claim 
8. It further fails to disclose determining whether a command received from the host 
apparatus has been issued to a logical device on the first storage device or a logical device on 
the second storage device on the basis of the management information; and providing a 
control command to the second storage control apparatus if the step of determining indicates 
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that a command received from the host apparatus has been issued to the logical device on the 
second storage device, as recited in claim 14. 

2. U.S. Patent No. 6.725331 Bl 

This reference discloses a method and an apparatus for managing the dynamic 
assignment resources in a data storage system, having a plurality of storage devices, a 
plurality of controllers that are each coupled to at least one of the plurality of storage devices 
and controls access to the one of the plurality of storage devices, a memory that is globally 
accessible to each of the plurality of controllers; first means for creating in the memory a 
global table that stores information that specifies dynamic assignments of resources in the 
storage system, and second means for creating a local table in at least one of the plurality of 
controllers that includes all of the information stored in the global table. 

The reference merely discloses a technique for managing the dynamic 
assignment resources in a data storage system. It does not teach a storage system having a 
first storage control apparatus which includes a first processing unit configured to process a 
command from a host apparatus and a second processing unit configured to control an 
operation to transfer data stored in the cache memory to the storage device and connect the 
storage system to a second storage control apparatus, as recited in claim 1 . Nor does it 
disclose that the first processing unit references the management information held in the first 
storage control apparatus to determine whether the command is a command issued to a 
logical device on a storage device controlled by the first storage control apparatus or a 
command issued to a logical device on a storage device controlled by the second storage 
control apparatus, as recited in claim 6. It also fails to teach a processing unit in a first 
storage device configured to read out data from the first storage device and store the data in a 
cache memory in accordance with a processing result generated by another processing unit in 
the first storage device, and a processing unit in a second storage device configured to read 
out the data from the second storage device in accordance with a process result generated by 
another processing unit in the second storage device based on a read command from the 
processing unit from the first storage device, as recited in claim 8. It further fails to disclose 
determining whether a command received from the host apparatus has been issued to a 
logical device on the first storage device or a logical device on the second storage device on 
the basis of the management information; and providing a control command to the second 
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storage control apparatus if the step of determining indicates that a command received from 
the host apparatus has been issued to the logical device on the second storage device, as 
recited in claim 14. 

3. U.S. Patent Publication No. 2003/0105931 Al 

This reference discloses an architecture for transparent mirroring, having a 
data storage system including receiving a request by a first data storage device controller for 
data access operation, with data written to a local storage device and a data access operation 
performed by a second data storage device controller communicatively coupled to the first 
data storage device controller. The second data storage controller is communicatively 
coupled to a second data storage device. 

The reference merely discloses an architecture for transparent mirroring. It 
does not teach a storage system having a first storage control apparatus which includes a first 
processing unit configured to process a command from a host apparatus and a second 
processing unit configured to control an operation to transfer data stored in the cache memory 
to the storage device and connect the storage system to a second storage control apparatus, as 
recited in claim 1 . Nor does it disclose that the first processing unit references the 
management information held in the first storage control apparatus to determine whether the 
command is a command issued to a logical device on a storage device controlled by the first 
storage control apparatus or a command issued to a logical device on a storage device 
controlled by the second storage control apparatus, as recited in claim 6. It also fails to teach 
a processing unit in a first storage device configured to read out data from the first storage 
device and store the data in a cache memory in accordance with a processing result generated 
by another processing unit in the first storage device, and a processing unit in a second 
storage device configured to read out the data from the second storage device in accordance 
with a process result generated by another processing unit in the second storage device based 
on a read command from the processing unit from the first storage device, as recited in claim 
8. It further fails to disclose determining whether a command received from the host 
apparatus has been issued to a logical device on the first storage device or a logical device on 
the second storage device on the basis of the management information; and providing a 
control command to the second storage control apparatus if the step of determining indicates 
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that a command received from the host apparatus has been issued to the logical device on the 
second storage device, as recited in claim 14. 

4. U.S. Patent Publication No. 2003/0221077 Al 

This reference discloses a method for controlling storage system, and storage 
control apparatus, including a method for controlling a storage system having a host 
computer, and a first storage control apparatus and a second storage control apparatus each 
receiving a data input/output request from the host computer and executing a data 
input/output process for a storage device in response to the request; connecting a first 
communication path between the host computer and the first apparatus; connecting a second 
communication path between the first apparatus and the second apparatus; and receiving a 
first data input/output request from the host computer through the first path by the first 
apparatus; when the first apparatus has judged that the first request is not for the first 
apparatus, transmitting by the first apparatus a second data input/output request 
corresponding to the first request, to the second apparatus through the second path; and by the 
second apparatus, receiving the second request and executing a data input/output process 
corresponding to the second request received. 

The reference merely discloses connecting two storage control apparatuses by 
a second communication path to transfer data input/output request. It does not teach a storage 
system having a first storage control apparatus which includes a first processing unit 
configured to process a command from a host apparatus and a second processing unit 
configured to control an operation to transfer data stored in the cache memory to the storage 
device and connect the storage system to a second storage control apparatus, as recited in 
claim 1. Nor does it disclose that the first processing unit references the management 
information held in the first storage control apparatus to determine whether the command is a 
command issued to a logical device on a storage device controlled by the first storage control 
apparatus or a command issued to a logical device on a storage device controlled by the 
second storage control apparatus, as recited in claim 6. It also fails to teach a processing unit 
in a first storage device configured to read out data from the first storage device and store the 
data in a cache memory in accordance with a processing result generated by another 
processing unit in the first storage device, and a processing unit in a second storage device 
configured to read out the data from the second storage device in accordance with a process 
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result generated by another processing unit in the second storage device based on a read 
command from the processing unit from the first storage device, as recited in claim 8. It 
further fails to disclose determining whether a command received from the host apparatus has 
been issued to a logical device on the first storage device or a logical device on the second 
storage device on the basis of the management information; and providing a control 
command to the second storage control apparatus if the step of determining indicates that a 
command received from the host apparatus has been issued to the logical device on the 
second storage device, as recited in claim 14. 

5. U.S. Patent Publication No. 2004/0123026 Al 

This reference discloses a control method for storage device controller system, 
and storage device controller system provided with a first storage device controller that is 
connected to first and second storage devices and that has first and second communications 
control means that receive data input/output requests from a mainframe computer and an 
open system computer, respectively, and a second storage device. 

The reference merely discloses a control method for an arrangement including 
a first storage device controller and first and second storage devices. It does not teach a 
storage system having a first storage control apparatus which includes a first processing unit 
configured to process a command from a host apparatus and a second processing unit 
configured to control an operation to transfer data stored in the cache memory to the storage 
device and connect the storage system to a second storage control apparatus, as recited in 
claim 1 . Nor does it disclose that the first processing unit references the management 
information held in the first storage control apparatus to determine whether the command is a 
command issued to a logical device on a storage device controlled by the first storage control 
apparatus or a command issued to a logical device on a storage device controlled by the 
second storage control apparatus, as recited in claim 6. It also fails to teach a processing unit 
in a first storage device configured to read out data from the first storage device and store the 
data in a cache memory in accordance with a processing result generated by another 
processing unit in the first storage device, and a processing unit in a second storage device 
configured to read out the data from the second storage device in accordance with a process 
result generated by another processing unit in the second storage device based on a read 
command from the processing unit from the first storage device, as recited in claim 8. It 
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further fails to disclose determining whether a command received from the host apparatus has 
been issued to a logical device on the first storage device or a logical device on the second 
storage device on the basis of the management information; and providing a control 
command to the second storage control apparatus if the step of determining indicates that a 
command received from the host apparatus has been issued to the logical device on the 
second storage device, as recited in claim 14. 

6. Japanese Patent Publication No. 10-333838 

This reference relates to a data multiplexing storage subsystem to enhance the 
processing performance of each storage subsystem by suppressing the increase of a load 
accompanying data copy for data multiplexing between plural storage subsystems. In the 
storage subsystem, a master disk subsystem 104, which has a constitution connecting disk 
storage device 116 under the command of a disk controller 103, is connected through an 
inter-master and remote data transfer path 117 with a remote disk subsystem 105 in the same 
constitution, and write data outputted from a central processing unit 101 through a data 
transfer path 102 to the master disk subsystem 104 are copies to the remote disk subsystem 
105. In this case, the storage subsystem is provided with a data update under of time storage 
table 109 which manages a data update history for each data management unit such as a 
track, cylinder, volume, and file, and the continuity of the data update is judged for each data 
management unit, and an executing equipment is controlled for summarizing the data 
copying operation so that a load resulted from the execution of the data copy can be reduced. 

The reference merely discloses a remote copy in which an attempt may be 
made to allow accesses to be made to individual logical devices of a logical-device pair. In 
such a case, a host apparatus needs to issue a command to make a transition to a state known 
as a split state. This command causes each of the logical devices composing the pair to 
transit to a state in which the access history of one of the logical devices is managed 
separately from the management of the access history of the other logical device. See present 
application, at page 1, line 18 to page 2, line 8. 

However, the reference does not teach a storage system having a first storage 
control apparatus which includes a first processing unit configured to process a command 
from a host apparatus and a second processing unit configured to control an operation to 
transfer data stored in the cache memory to the storage device and connect the storage system 
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to a second storage control apparatus, as recited in claim 1. Nor does it disclose that the first 
processing unit references the management information held in the first storage control 
apparatus to determine whether the command is a command issued to a logical device on a 
storage device controlled by the first storage control apparatus or a command issued to a 
logical device on a storage device controlled by the second storage control apparatus, as 
recited in claim 6. It also fails to teach a processing unit in a first storage device configured 
to read out data from the first storage device and store the data in a cache memory in 
accordance with a processing result generated by another processing unit in the first storage 
device, and a processing unit in a second storage device configured to read out the data from 
the second storage device in accordance with a process result generated by another 
processing unit in the second storage device based on a read command from the processing 
unit from the first storage device, as recited in claim 8. It further fails to disclose determining 
whether a command received from the host apparatus has been issued to a logical device on 
the first storage device or a logical device on the second storage device on the basis of the 
management information; and providing a control command to the second storage control 
apparatus if the step of determining indicates that a command received from the host 
apparatus has been issued to the logical device on the second storage device, as recited in 
claim 14. 

(f) In view of this petition, the Examiner is respectfully requested to issue 
a first Office Action at an early date. 

Respectfully submitted, 

Chun-Pok Leung 
Reg. No. 41,405 

TOWNSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, 8 th Floor 

San Francisco, California 941 1 1-3834 

Tel: 650-326-2400 

Fax: 415-576-0300 
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•tt-^rAl 0 5 tSVXi'-'Jt- MBJ?*— ^<E2t 
AX 1 1 7 KTftHL, x-^teSftX 1 0 2 Sr^bT 
**Ji:ISf 1 0 lA^TX^f-fX^f^fA 1 
0 A\zmts^n>by^ hf-^^Ut-hf^ Xi'lJ-y 
yXfA10 5l:S?t5is£l:*HT, v- 

5 s — ^ 5ff ® ■ * WS-r & 5 s — * M«r EHftBEttfr- ^ 
f-5. 
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*«, Sttffl»£B£.i:tfyiKBttfflfl9&B©ET©BB 

EBtf:7*>xyAK:SStt3ftfc4>JS:< £t>— 3©*2© 
EtD-/5'XfAf:. a*S&D, ffiB£ 1 Cr-^Sl 

MEJB l OB«*^S/X^-ArtotMEBit»«fc#<frr 

LTtrlESg 2 ©EtS-y-yi/X^ArtOWEEIS^B 

^v'X^AICTt&B^'f h^-^Sr^atr^T-S^- 

l»B±ffiSI«*»6III*raiWE5-f Hr-^OMEIl 
cDEtt-y-^'>x^AC0HtlEE«8aic:*3tt-S>^rSro^- 

©Eitlt^X^AtcttTSitilE^ h^-^©ME» 
^©*fT#ft*«ttf*fr §?<!©'>&< i b-Jj&MW? 

A. 

X^AC&t^T, 

l»E»€?ii*JifliSE*-r*ME«»««B1t¥ai U 
Ttt*©E*T— ^;P*flliL. Bfa©«»l«fK«lBB* 

ffi8B*»s©^-*«s&*«#©£fl:s««u 
e ©WBx-^»*a*B*©«t«tt*«iji8 

U ME^2©E1t1ty->7.7 1 -A{c*t1-^HfFE7-f 
-^©«JE*9©*fT38***!W-r** 1 ©«»»«*, 
ffiBjg 1 ©B«tf7->;*xA©7*-^£--J6LTI(JEai 
2 ©Ett-y-yv-^^AtS^-rsi^C. MBfMfflWSlE 

tfCfcoT, *^»JWeHfc»-raiWfE±(ft«B56»6© 
x-*»*&*«ia]S«WU fliE±{fcSB*>e>©7 s - 
if»*ii*»**««t«SfcJ4*«f U"0»***9©WE 
5*-^«a#fifc»-rsittB*9©*ff*«Sil6-a:-5 
3g2©fW«»tfs 

©'>&< <t t>-*©«»ftf^*fT5 n t*«f«t-r*'7 i 
[§t^3] ii^iE«©a r -^^aftBts-y-^-> 

X^AtC^WT, WE^l*3«t^2©Etft-y-^ , ^X5r 
A©#*©lWSEB£fitt. $MI/-:/£*s£T*«»© 



tt«aw&3i:fiEtti*riES«*. 

f»E»*a*HBiSEISifr*fiElW«*«E**R*# 
05 BbT«*©WE^;P— ^©fflfEf 1 — ^*«fcK»-r* 
x-^»*a*S*©58^«J8S«8Bb, sk^-:/ 

n<o±x<Dmwf—^w-u^— ffibT«fE^2©Bift-tJ- 

^>XxAtc«gji3|-r*mi©«¥S^ *s«ktftWE^;i> 

10 6©7 f -^«#a*»*K:«tt>TH«f*nfcME7 s -^ 
*ffi©**aS?«KlWrE» 2 ©Btfc-tf-^X^AKlfESi 

-r*JS2©are«w£, ©»R*«tr«Effj?«eiW»-r* 
« 3 ©iHfMbre. 

IWE*3©IW«iM!Mc:&lvT\ MEmi*5«k^2©t(r 
15 EEtftii-yi/X^A^lC^lt^^-^fejiRlfS^fP^^ 
J&&WE*9»fP©m»«HBI*««L. IWEffS 1 feitf 

*2©*9»f^©jjiiR*«kt;*ff§e«©iiPHi*fT5*4 

©3iffl»fK 

©4>&< it>— ^©IWIIWifPSffiJitSWHtrSv* 
20 -^*BflsE»-y-^->XT-A. 

[5S^©i¥aa^itt^] 

[0 0 0 1] 

■^A^icjiffl Lxmmtt&ffiizm-rz. 

[0 0 0 2] 

[ft*©&«] «t>jfeit!JSSB&'5 i *;**B«SB»::ft* 

30 tsti&mmKvmm <±ic5V x^EB^Btxwx^ 

WlyXfAm B«»©**:fl;£ifcKBlD» 

<fc 0 X * gift t*©EB»^-1'EB^B©%3l 
35 W&l»»C»-r«««ttlflJ-hJRtUT. Sicfi©E«« 

5*— ^ ffi & \Z M L A* y T >y ^ - 9 5 © El & * E S 

^-^-m^Ett-y-y^x^A^fflft^tiT^?.. £ 

40 3EK»-pa>©x— t tt/t U r-f -x— ^ tc 

ftassnsjtsx— • E*-r*Jitfc«tt>T, 

S5RA I DEteSBfe^fflYK^nT^*. 
45 [0 0 0 3] t Z\^m :: rm(0^ry : y-i >->X^A(Cft 

L. ^•<©1t^5aa->7.T-A^iibTI/^i5/d:->X 

^©BB-y-^^T-Art-Cx— ^**Bt««PUfcr)3t 
50 fite£EI5t>©T-$>D. -g-©EB-y-^->XxA^#:©lif 
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- 9 sn k ««rr * 5 s - * -Sf vsm -> x y a a<aa 

5*-^ffl3-*S**£fT&'5<P*a3aB© 
[0 0 0 4] n©«fc«iHfc:**u f-rx^HWitf: 

aflsstix^*. dcais^-^-a-fbiBa-y-y^x^ 

ATI! £»»£fffc"5«*ffl3S'XyA*:/5-fvU 

W X^-tf-y'J'XxAiS.fcrJta 1 ©5^ X^$flPPSBtf 
S. /t«/^7y-7 p fiiJ©1t^5Q ! a->XxA«:-fe*> 

^jyxfAti, *n4e*UB2o+*aaa«," »2 

A) tPf^. /'7'f7U>'XTAT©T^Xi?-t)-y'yX 

t-a^©wrt_i /otc*3ViT«. ai ©^saa^ 

a 2 ©x-f X ^frJWSB©*X h i ITi 2 ©7^ X ^ 

©afflSrff^oTt^a^tc, y^-r vj i/xfAWT 

U a»©«tt*nFRiaCirj:ofc«^Ctt. 

[0 0 0 5] fc*5. x-^©-fi-fkft«iUT«, fct 
*S#ffm5, 1 5 5, 8 4 5^{CiH15K£tt"£>}$ 

waenri^. c©gEfl5-m. ^«LTiEB*nfc 



y h#U3-F©a#&*a3fc£§tt££te©&iHffli^ 
— y hSHT©*tJ^-r-5-r^T©#U3.-A(cS^W=i- 
h'©=i tf— #»£j&£*i5«k'5 KL- £:*>©-*?<& -5. 
[0 0 0 6] M©i 1 ©f ^ Xi'JiMf *>5©WR 
05 T_I /OC«t?)X-^-fi{bCt5^iTii. X-^— a 

[0007] (1) aa^sc 

/7-f7'j ->x^A©a 1 ©**i!iasB*^a 1 ©^ 

10 2 ©f-fX^tyyXfAl:|5|-f-^©WRT_I/ 
O^^fT-r-SdtlCioT. VU<W©x-^i:-fe 

tt. mi©x-<X^$iJ«gfitt. »l©t*551gi 
A^©WRT_I /omz. IM»gfl^©*t7y'a 
15 ^^UlCWRTx-^S^^ji^^T?, ^-^gSt 

©5gTS8©£?t&vv -?-©&a2©yV x^-tf-y^XT- 

A £ 1^— © WR T_ I / O *Wfx L g * y ~>o. ^ U 
Jt©^-* £a 2 ©7^ X *«9»£«K:lEa-rs diC 
iot, z:fi-fb©;t«>©WRT_I /OMS£ff&3. 
20 a2©^X^1*:7'->XxA^©WRT_I /0#5c7 
Lfc^T. ai©7^X^fa!SPgBfctai©**&3 
8BKI/O^T«fSStfa:5. BP'S, a 1 ©f*«ia 

aa*«wRT_i/o©^7«ft*««u*:«fjST?. a 

2 ©r-f Xi'-* yyXrAA.ffif-^S^IJ^T LTH 
25 Sfcfc. y^^TUfflil©x-i5'i:-b:*>iy*Uffl'J©5 J — ^ 

©Hatttta&n*. 
[0008] (2) #raa*sc 

JRlOr^^i'U-^fAOT-i'Mft^bT. a 

2©7 ? ^x^-y-yvxxA^©x-^©MiT^#^ic 
30 ntiStt. aiwxwxi'SijffligBttai©**®^ 

gfi^e>©WRT_I/'Oim;:, glfflr-fX^y 
X?ACx-*£*^;^fc*:W--e I /03£7ffi©£fT 
I10r^7WyXfA'\0f-^©«a ! 

*mltii y-r x*Eaaa©E*a(*:^©7*-^» 

35 taW»bt5t*>5 I/0^7«fttbTt)fiHL,. 
X^fM0fgBrt©*-v y ya^tU I:t-^^M 

bfcfcttT? i /o^TaftftfrttoTfea^. a 1 ©x 
-< x^-y-^iyx^Atca#a*nfc*ia2 ©^ x^-t*- 

y^X-T-AC^fUT^x— ^©S^^fT^oTV^J:^^ 
xfi^ns. Il©f^^ X*it3ja&Btt. - 

^ssftx— ^©^sstjtsDT. +&$&agB#>e>©w 

RT_l/Oili*|lC, a2©x^X^1t7'->Xx 
45 AC^tTWRT I /OSElt, *S^-^©» 

[0009] Kt-aiw^x^-y-^iyxxA-h 
c#ffi-r & x- * # u 3. - a &mtz izmm—mittf u ^ 
-AtUTaab-a^T-saatcfp^-r-sa^ 
50 n*«jaDtf-ti?^) ttt. n©T-f xzmwgim 
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B-*tHU mi ©7**x47iWffl*«a>siB2©x>r** 

T. iKUa-Af- *©«¥£fT&5. ^©Pt©^-^ 

[0 0 10] IC, SlOr^fXi't^TAH, W 
*3tf-«iaoi/OS*fTba:*«6, PWffcSBl©* 
*«ia^«^ S ©M»r I / 0£r§l\7-5 CI <t BJt6T» 
S„ £-**?*©# U a-A±©f-^l:»t5 

X?1r:/S'X7Sk^©g£rx-^©Rlft£fT&5. * 

i/>-rti«j»intr-©fcje>©-s^wRT_i 

/Ofc"<fcoT»2 ©fw X^t^fAAOr-i'S 

[0 0 11] tC5T, Sgli5<fctffil2©^X;7-tl-:/ 
->Xt%M4. ^T(ca!^-5J;p^:RA I D- 5©-^— ^ 
M^T^oT!)^^. D. A, Pa t t 

erson, et, a 1 . "Introduction 
to RedundantArrays of In 
expensive Disks (RAID)", sp 
ring COMPCON' 89, pp. 112-11 

7, Feb. 1 9 8 9(Dmy:\zxm^<6nx^^m^T 

3b2>. RAID-5tH 7 ? ^X^-tr^->X7 : -A$n + 
■f-^W&S— 7^X?j*#±©l h 

mfiWJtSx— ^mS-TS. JlSt 1 — ^-E-©fc©fe^ 
Kftgf- ^ £#fj£f a^-^ ^©t&ifrt'r-f x {/ 

<Df- ^ifift £ ^©mjSWftfif— ^ »•> £>#tfi£; $ n-5 x 

o?^ x?gBt&gB#l@ ^(c<fc 0tt*WtTft»:Kt)fc 

tmfiWjLfi^-^^?)^— ^©B^^"5lBgT$>0. * 

IBWJlSt*— *£M!BrLT*5< dtTrfiaWJC^-?© 
testes n*. :©J:5llLTf^X?8i^X 

T, RA I D- 5©f-^gB1&#5S;i;:*3^Tte, "f— 9 



[0 0 12] (1) £X h^-f r-^riC 
[0013] (2) U-H ; Ef-f7 7-1 , 7-fh*S; 

5t« ft ^ & **-r * x - ^ o * * — ¥ffi«*3E 

- r y ;* t U ± b & ^*§-& K JtS. 
1 5 ibx— ^ $r-fX? fet&SB*" <E> * ^ y ->a. ;* ^ U ±\Z 

¥&©H$r \zM V&MzKSi^-? ©fw X ? msfr*> 
20 [0 0 14] 

fbicisUTtt, ^l^aorlftSSIbfcS^. mi 
©**saa^B^e.©wRT_i /oRf©^^«, 

I /0^7ffiSmr«cm2©x^X?lr^->X5"A^©7 ; 

•£fc:fc^Tt>. **M31Sfi^e)©WRT_I ZO©]S 

©7,;W-y-y h«-S<t©^*© I /0^31©ft#lcj: 
30 D#fttt$Ml»ftH. C©fc*, »H=lftO^T;A 

[0015] tp^s^B^ew^Ui— A^—pom. 

35 X*«*«fU. fctAtf h^-y?^>->U>^©7 ? -5'* 

^Ui-A-?-^©JEtfJPSitC*^Ttt. i5i^©-a 
ft*SC£bfc»^, +^5aa^B^?»©5 ; -^MfflHl^ 
£[sl— ©tU^:fcttm2©7 :: ^X?try->XT-A^©WR 

40 T_I/O^R£?a:*. ^l^^iC©=aft^r 
^<hL-fc«-&, 1 Of -f x?$fflgfli:*R 

^-^^fSStSuiCioT. =ia{bS0-2.||5© 
Sfff-^©*-Sr*£»6TS^$ti:n^Vife66. 12 
©fi' X?-try->XT-A^©WRT_ I /o©^fTim©: 

45 m 1 ©*5fe#5H3£B#>e>©m 1 ©^ X^-tr^v-X 
fii^CWRT I / OHIitfccfc 0 B'JMtT-S d <h^Wtl"C 

s.*o ^|Hi^s:©^afr:^s:tc:*3ViTa, t^Mcss^ 
«fc < -WAkf -^Sr* £»-5*>dittgg|6]±©S^:©Ji?'f 
>N<k&-5. '£-SW±(cmi©-X'fXi7-y-y->X7 ; -Al^ 
50 tc*Kttf-^S-?fpS$-a:«.C£«. JS»^^y->i^ 
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Tabs. 

[0 0 16] Sfc. RA I D- 5 ©EtfcfrjS©*-^ fJ 

&*^r5tfi^-^^fie^tcM*t^i;^„ BP*., £X 
h7-f^S©5ilT-^MKffli^. n#l©H»r 
5 s — ^tML, m0©ft:B:7— ^©Mfr£fT&:5 ©f~*f 
L, 'J -H^x-f 7 y-f h^S:©«-&lct4 1 laI©H 

£©*:*, T-#S7 t cttil:Xh7-f7 p ^'f h^OJu 

^XJit^f^RA I D — 5 ©EtiSyj^"Cr&5>W 
S2 Or^ Xi't^vXf A^OWRT_ I /05 
SgirrsmwxVX^WWSBtc&^Tte, St^y 

fi&njfjg& J; 5 K-fiftOTWR T_ I /O £fgfT T -5 £ i 
**, Sg2©xVX^3ira£!B©x;P-y-y h£[6J±£ 
isKI-Sfb:>X7A:£#©x,iP-:/y M6]±fr|g^ 

[0 0 17] *fgsj©BWti. fSiWMto&DTT^ 

©E1t^:/->X7AP.gT©7-^mjb©fci&©7-^ 

c # p fkffiom* *mm u T&Ets-y- ^ a © 
[0018] ^momosmt, mmvtwzmu.xT 

<bE«-7 y i-X t- A * t6«-T * Z. <h fc * ■& . 
[0019] *B9i©fl&©iwrau ^fift;*^©^-* 

»©if*£ftJltL,-S>0. «»©I2tt-y-7->XxAraT-© 

7-^«4b©;fc*©7-?1f^©^fT^tgt©«!3I<b(:: 

1ty->X'rASJS«T'5^i:^fe-&. 

[0 0 2 0] *^HJ©ffi©@M«» RA I D^CDJtfifB 
tt*fi£©«Sfc©E1ft£l-y-:7*->X t-AFbIT-©^- ^ #fi{b 
©fcfe©7-*^(C#5jia©if*£fflf&JL-T&Eti: 

•y-^^x^A^sttffi^ifiii^-a-s z. tummis.?— 

[0 0 2 1] 

vXT-At, 4>fc< oO^OSIg-y-^XxA 



T. fe<hAfcffg 1 OfB«-y-y->XxArtOfB1S$iJPge 

* jew sijRsstt 7~ *w»« mmrn^® t v x& 

o. 

10 [0 0 2 2] COr— y;H4, n1H:ftt!fr©E 

ffiJ£«tf>S©5*— ^KRBSfctt. miOfBtt-y-y'i'Xx 
A©E1IUW»glI©IW»:/n^5A (0ft9lfc3) tt, ^ 

15 7y^t5. £©#7>h£tlfcffiW:, 3K®^^©^ 
2 OEtfe-y-^vX 7- A^OK^t-r^x— ^ ©}@ 0 

EtSx-yjKO^-^ f 7 ^bT«> 
«f©x-^M«flHHfcEillT— T'M^iJTTS. SfcS'J 
20 ©— ^Jl^iStC, ^2©E«-y-7>'X5 : -A^©*SI*5 i 

-^^r^b. ^afb©fcsc©wRT_i /onnnm 

ftti*^©J€fflHl^:©^b : SriS^. SiTlaI^©Mii>fflrS]^ 

ffiMc W C-ti- 7 -> X 7 A Kl ©f— ^ «^ * X y v a. - )Vt 
CioT, ^2©E{S-y-yi>X7A^©*Re*7— ^© 

30 [0 0 2 3] M 1 ©Ett-y-y->XT-A©Eift©i 

a> ©7-^jg»fiHiiscEtt7— ^sawB-r*. ^i© 

35 E*-77 , ->X7-A©SBT©VXi5'#U a— A*^©7— 
^ ©D? t>*tB L*5«k^B 2 ©EtS-y-7->X7A^©WR T 

_i/o©«fTCIKbTtt. c©7-^M«f(U®:Ett7- 
-:f;p©H<fcittttra©§iKJ;-2)tlijn ■ «dHWfli*»6. « 

Xdrv^rL-^Sril^-fr-S, ^©gjUbSrfT'P,, C© 
©*«^Sfc«k- 3 T. ajJWn tf-jQS©^|6]±*0 
45 [0 0 2 4] — ^F, «-Eltir7'>'X7A©E1*^S*W 

fif-^pt, r©7-^p*->e.^$n^>5i:S7-^ 

^TUi,!^, WEx— ^MWEIftEItT— ^JHC«fc* 
JSHrSffiA^, 511^7— ^SmSTSX h^-f ^Jfc^t 

50 -r*3e«f©*tttt*«i»i-r*^s*aaw*. aixb? 
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-f y?ij^o±ffiftH^ e> cost? jwmitt-r s ct 5 T*>n 

[0 0 2 5] £SlC, &f3«i^y->X^A(DSttliB^ 

_ i /ov^Mizm^T-ip&mmm&^is i /o© 
fc, ^x h ^ ^ic^<fc^5i:s^-^o^^-/\^ 

(DWimzntc i /oiit»e»x h 7< ^Jf ^©f 

[0 0 2 6] 

[0027] mtevjemi > Bin *5B9!<b— gfeft 
ftEit^^^ofpffl^-wss-r^D-^^ - h 

[0 0 2 8] £?\ Hl*«^T**«!i«)»li(07*-^ 

^aftEBiu-y^^yAoiPirtWftRw-r*. **M3i 

£§1 0 1*6 1 ^V^Uttn*©^— ^fe2t/^X 10 2 
^>XfA104tU 

7 y yffl'JO^^ X ^ ij-y i>X fA^'J^- Ht^ X^-tf 
^>XtA 1 0 5 U^E-hT^^X^^^XT- 
Al 0 5l:»«t5ny^7y^fflCPUSt*>^U 

cpu<h« 0 ^n^n^^x^r/^x^-Ate, ^ 

^X^aSgfl0 3t, iBTOl^cVibnffiKD^X 
^EtSt^ei 1 6i*6*J*Sn*. CKanfi^-r^X 
Z tetSSH 1 1 6 ^©E«3&Stt*rSe<0 RAID-5T 

*7tt)fi^. TVx^siffli&B i o 3H 

n«©aCPU«mffl^Pty*l 0 7i, l&Hbtt 
nfi©»r^7^M»ffl7 r Dt^9-l 1 4 Srj^O^l/^ 



10 6, JtU^— h^— h 1 1 
it 1 0 7 tttV bMfflm7u±yV 1 1 3ttH— <D 

ftattw-wssttifrrsfta^^u i o s^-s, 

a-feyU-*6ttftii;tx l l 0l:t7?txsns. 
10 [0 0 2 9] **M©»«<0»^fcBU u0«I^^U 
10 81:, ^-^JESflilSEItT— 7)V l 0 9 
^©iSYX^T^ X^tf-^v'X^A 10 4 ©fllJBiKtra 
X^1ty^X^A£, fc£*_«38IH 
flfeJCiSSbTU^E— h^X^*y-y->X^A 1 0 5 <h 
15 U ^(Dr>fX^$iMil 0 3G>HB* lftlriWln 
WYX^-'J^h&lT-^gS/Ul 1 7KT»tt 
U hBf-^KS/U 1 1 7 t 

20 

[0 0 3 0] W:, tMISiioi (^7-fvuc 
PU) ^bCOVX^^^r x^-+tv^>x^A 1 0 4^\CO^ 

te, ^-^SBRHfcEttlt^-^H 0 9 4>*MtMT& 
25 <&<> ^ ^jeSrHScEtS^-^H 0 9H -«tt*f^ 
^-^fl!>*a#tt»K:x>hU*»S (**«5«i"Ctt-> 
U>^ (CYL) i^T*) , -a^AO^W^O-r 
-**#i*-r*. It:, *Sttftl:b&^T7-*»f 

30 y;H0 9*ntttt» (nB;*j|ltflTB3E A® 
-CM (2 0 1-2 0 3) ) fW* -AWT*. S^THttt 

^2 0 4H »«f*«M*r0«fcE*5 : ---y;P#-f 
35 2 0 4 a, — BttfflMfcrEJREIfc^-^iR-f >^ 2 0 
4 b, -iftftWMSrlel&Eti^-^P*^ >^2 0 4 c 

[0 0 3 1] ±ffi<o*5fe*fiSg« i o l -r&to-S 

^7>JCPU^f)7X^X?1fi/'>XfA 1 o 
40 4l:^WRT_I/0^§SL^t^WCPU$iJ 

fflffl^nir-z-y-i o 7 (Dmm^u^^jucomm mi<o 
mmmm k^t, B3©7n-ft-hSffl^TR 

W~?Z>. Xr^/^3 0 lt±fi(D*MIgtl 0 1* 
bOTRT3V>F^fSn^, XT77'302W 
45 ^y^a^^U 1 1 l±©WRTf-^«ttfi«S]»« 
U Xf 7 ^ 3 0 3 1?» C P Ur-^fi2#- M 0 6 

T-^gI^7t^iXr7y3 0 5TMf I 
50 *-f>^?-^;U2 0 4^6»«f1ttftM«lHl*E«7 i - 
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7)1^ y$ 2 0 4 a fc#*Lfc*«1ttft©E*rEl»e 
ftr—y;PA® (2 0 1) £#T, Xf7^3 0 6T^ 
KMUrgfrft fctt iEf a Sff Or- 9 Mff HRE*?- y 
;H09M>hU^')>h77^l, Xf7y3 0 
7T±&cD4 , *Ma^Mi 0 l-\WRT_I/OCD^T 

ET<Ox-<X*E*S«l 1 6^<&*R<0»S&*tt, 

±ffiOt*i!lIStl 0 1*6©WRT37>H 

x-*H«EI*0Jiai*E«T*. 
[0 0 3 2] ^JC, ^fU^E-hOTfflyPt^ltl 1 3 

lelRfBtt^^H 0 e^fltUt-Nr^X^-S-y 
yXfAl 0 S^^WR^I/OOX^ya-^ck 
tfWRT_I/0*fTSaa*frtt'5. ^uTXT7^4 
0 lCDJiJ5fAte> -r— ^MSff0»8E»5r-y;H 0 9 CD 

4 0 2^lBli-lftWRT_I/OX^rya-;^ 

>B<0BI«O5iS*:«»ii:"rs. 7fy^4 0 1THffl 

a 7 f -^M«fia»E*'7 : — 

1H:«;^a#<>^7 = *-^2 0 4<D-WRm<D^- 

^Mffiei*iEfS^-y;n o 9£^r#< >^-y;i/ 
(nitt««[H*ffiHi»lB*^-^;p*< >^ 2 o 4 c ) co 

-#«M^^-^MfflHiia:fiBti^-y;ui o 9£*gTtf 

4 b) S-lttf^MO^-^MffEftSB*^-^!/ 1 0 9 

;«<>^2 0 4 c) fcjrrrs. Xf7^4 0 5Ti 
WO^-^SEBfHftElt^-^P 1 0 9 SJTrtfW >^ 
It (««f1ft«SE«flsI*E«T— >^ 2 0 4 a) 
*-1tt«M<©3S«r0*E1»'r-^^ 1 0 9 *JBT#-f > 
* BftWJgSrimftEiftT— >^ 2 0 4 b) 

\zm^-?Z>o 7fy^4 0 6T7-^lU7l:iiaLT 

aofc^o^tt^iroMWiaftEit^-y^^sp-f > 

^ttSSWffi^HWlilREIft^-^*^ >^ 2 0 4 a 

o»«w««k:«9u xt7^4 o 7T*mmmx<DT- 

^Jg«f®»E1*7— 0 9«h/j:o^T-^H$^ 



£ £ - 2 f fc W R T_ I / O X >T zs 3. - ;|/43 i tfjlfirMS 
SrfT&a (XT7^4 1 0) o 
05 [0 0 3 3] ^<£>z:ffi{t:WRT_ I /OX^rya-W 

"To Xfyy5 0 li^Xf7^5 0 5^?X^t^X 
^Ity^X^A 1 0 4±Kj@i;oT^£D : E— Hx-fX 
Z^l/Ts^k 1 0 5^^*gPftT-^^I®lT** 
10 £o ilcD^StCfe^T, *mfiO«ffiJCT09^*tl*^ 
-^JBRiaftEKl'r-^H 0 9l*tD*aK:«fcoT, S 

«fia*^Wf*«ifttjCYt*ieA, wRT_i/o*ff©» 

5 0 lWw>a^U 1 1 U^Ut-hr^X? 
15 tt^vO^A 1 0 5^*S«f-^^it^o C<7} 

1 i±©f-?ti»ftl:iSfe©if»oTt)ftv^, 
LRU7W l JXAI:<tSfeOT»oTt>fiK X5^ 
^5 0 2Ttt**n&*E«-r-^a)««K:»«-r*3e 
20 frleJS£> «*««07 f -^je«rIsI»E1»x--^ 1 0 
9*6K*Wr. Xr7^5 0 3T% -l&ttmtDSCWlsI 

T#£4§'£rKte, uO^T^^if-^WX^rya- 
25 ;P*S»0SUO*S|fe^-^<0**«iffl*fftt3. * 

^HfCM^) (Xf7^50 4-5 0 5) . Xf7^5 0 

30 ~ h^X^l^v'X^A 1 0 5^WRT_I/0^ 
firT£ (Xr7y5 0 6-5 1 0) o 

[0034] :(0-mwrt_ i /omnmm 

\Z*0\,*T—&\&B? (Xf7^5 0 6-5 1 0) □ 
[0 0 3 5] St, SK*SW5^— ^^jSTSU^E- 
SS hr^X^D-^yXrAl 0 5 0r/HX^LWRT 

3V>KSr«fT-r* (Xf77 p 5 0 6) 0 
[0 0 3 6] Xf7^5 0 7TSRWRT37>Kl:ff 

5 0 St'J^hr^X^fyyXfA 1 0 5#>£<E> I 
40 /O^TSS^^TPo f bTXT7y5 0 9HTX 
^-«j£*fr^ u(0I/0^7«»*«S**7"l?*o 
Xf77'5 1 OOX^-fflSSfT^, IES 

[0037] c^^^tc, 5>^At4tcs^±tir<&4> 

45 1 0 1 frbtoy** X^5*— ^©KKfclRLT 

©*ffi©r--*#lftEi1ty'yXrAl: < J:nJl fc£ 
^.H, #S^t<7>fc»C0WRT_I /OSgfT§S«^, 7^- 

^MfrllRE*?— 0 9*#BBU nffittfifr^'S 
50 ©SBRHROJCflStP^. 3E«r0»<O»^«fSjc*S7 f 
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1 1 7^Sfit^yXr^FI(?)r-^fi?^X^y 
-Ff^X^^yXfA 1 0 5-\(7)*^0&^-^CD^ 

^yi/a^^u 1 1 imz&tf&mv^nmt^x- 

7va^'J 1 1 l*0*|J«»*fc«T*ia»bT> > 
XfA^+ty^^^U 1 1 1 ^OSagO ojffltt(7)f^ 

[0 0 3 8] S SK, ^HfOfefeOTX^-U^ 

^-U^-hR3f-^l/Ul 1 7£ 

h 17 - * « ft fij /a i £ ^- ^ #Sft 

ft£o 

[0039] {^m<omm 2 ) 01 \zm^-znz> 

X, VX^f^fX^^^yXfA 1 0 4 t'J^-hr^ 
X^l^vX^A 1 0 5t©Pflt43W^«!J»!=ie— »fp 

[0 0 4 0] fchAH ^ 1 ^tYX^r^X^^y 
yXfA 1 0 4 JkD/SUj.— i'Sj&rfcfcl-fifl:^ 
7^LT^T5S^ YX^f^X^^yXrAl 
0 4 0f^X?(WSIl 0 3tt, ISTO^U 
— A-r— ^^yi^^U 1 1 lifcXSr— 

U f^7"^?:WR T I /OCckoTU^:- 

X^lt^yXfAlOS^f^^o d^Wjf^^^^^ 
>Ja-A04h77^ (TRK) «BK*oTl*9ig-r 

ft) £frft5o £IETO#U^-A^6cDX^~>>>^ 

ftlfflU U^E— hf-rX^^yyXfA 1 0 
^i/OOfBfrtt^U^-hiWWffl^a-byy-i 1 3 

[0 0 4 1] B6l:«*StlS7P-ft-hH TO 

mmmzi&cT?-*m^<DMfr&mmzmm.?zmm 

«flHl»IB«x-y;H 0 9©1tttt«fflfc-30>Ttt, 5fc<Z> 



*^Ttt, a»3K-»«OTW X£3&L (X^y 
7*60 1) % ^AO^t-fXOJfcnhT— 

"T Ut^^6 0 2) o u^Tl [hJCOU^- hr-fX^ 
05 U-7*yXrAl 0 5^03t!-©Wi«S©T-^J* 
ffi (1*9*40 T*5yU>^raott)^L, 
^ch77^W»^Tt)fiK Xf77 i 6 0 3T& 

^6 13) o Xf 7 7^6 O4T*3t:-*ft®«^0S 

•Jill Ji^^ffiTS (Cache Hit) 
ft<^ (Cache Miss) £&SS"rs (X^y ^ 
6 0 5) 0 Xfy^6 0 6TCache Mis s 
20 5h7y^OXf-y>^«H*S»r-fX>IIWfl 
^nty*l 1 4IC%?tU Xryy6 0 7WXf 

1 1 l±JwX^-v>^SnTV^ttlBTz:fi{bOfc«> 
25 OWR T_ I /O^fi 1 ^ U ^E- Kt^ X ^tfT^yXrA 
1 0 5 \ZftUv (Xr77*6 0 8*>£6 1 2) . 

Xf^^6 1 1 HTHlft^yc^OTR T_ I /O^l 

30 Mr/HX^Ml, dtl^Ti:|Hl^^©JW^^03g 

[0 0 4 2] iKOi^Jr, **Jfi©*»©»^fctt, 3fc 

X^^^X^1t^^>X5^A 1 0 4 0S2TO^^X^fStt 

35 SI1 1 g^t-^^u^- h^x^ity^x-T-A 

1 0 S^M^-rsffl^-^lt^t^^T. ^-^« 

*-r Set 3at«ftKii4, ^mmmm&tim< 

[0043] (mm<Dmm 3 > m 1 izm^nz 
ffij&<DT—?&m<tmmv7^ZT&iz&^x, rai 

45 D^iUCT, "?X^f>f X^^yXrA 1 0 4^5^:^ 
U^E- hr^X^-^^yXfA 1 0 5 tCT^-^^ffl 

-m\z-z>\,*Tmw?z>. 

[0 0 4 4] m7\Z*mffi<Dl&mz£>»Z>RA I D^iC 

50 ©7-»»to raidhi;J;5t^^, 
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Ttfix-^ (Pa r i t y#0) «r»0. RMI»Ch5* 
J#nXl^#nXl + (n-1) STOXh^-f^ 
^LPar i ty#1^0o 21 uT*5[gr- ^OgE 

Mf^KT^ot!)fi^ 0 RA I D^JC&tf^ 

[0 0 4 5] tf, W©Xh7-f^O§r-^*tt 

I0 5l:^tt, K*r*tifch9!y^O'7 f -^o^*te 

(BT <* 2 Wfh^!y***tHfcXh 
7^yr-^^Iiaot, i7h7^y7-f «S 

[0 0 4 6] 'T&to'S, :rSft<Dfca£tf)WRT__I /O 

t^a^tex b?^?m<omfi*mmftz>£<D^mfr*>. 

Xh7-f ^JTOMSfSffiTcfc 3 l£X h 5-f ^J«SH^r 
»l:«oTBR««asn**T, WRT_I/OG>58fr 

WRT_I/OTlE3£LTt><k^U SSSrtt^nT^ft 
X h ^-f ^JCDftScO^— ^ ££H2:TWR T__ I / 
OTU^-hr^X^U-^yXrA 1 0 5(cS^^tfC 
i:l:J:oT, U^-h^X^ity^X^A 1 0 5twT 
^Xh7<^ bi^^^n^^\zPmt^Z.hL% 

[0 0 4 7] ±}$O0ijT«, Xh7-f7 r rtO&h77^ 

&$i£st>X&m-?Z>l)\ WSi<D$>r>tz.b7V>7<Dfr&1fc 



05 *(E«0>*E«fIWB:, 5 n s /m&co-C, |g*<0E«-y- 

^yxfA^c £ x. n fegf nrcmmmzmm s 

[0 0 4 8] COfJJK*2pJC-fi<t:Ofc*C7) 
WR T_ I /O fcg-T 3 h 9 y * WlL<Dl&W*—rt^ y 

15 H8^09**nS*J5KO¥^WRT_I/OjtD:aKf 
IW»tt^-y;i/8 0 1 i:¥^fitm«[EllS^^>^8 0 2 

ws««»ia* : n) &miz> 0 

[0 0 4 9] H 9 t h 7 y ?*ffiOffli*-/^y HO 

20 ommmm (tm) &««jT*=:s{t<&&*©wRT_ 

*J*E1*U 1 4TI/OS7«W]E«l: 

25 fcSftfc*>5*>£«£bfc«, X5r^:/9 1 6"C3H»*J 
t^— ^^jHBBJ&^J«hCD^^WRT_I /oaagffs 

Pfl (A t) ^^ttj-T^o Xf7^9 1 7T, Z.tl^X<D 
ff«WRT_I/0»«WHIB (tm) t^HW-»atlfc 
WRT_I/Offl.SRFPfl (At) i:^€>««fO¥^WR 
30 T_I/OiftSWrlH (tm) ^Sffi-T^o XT7 

79 i 8TiiLaufc»«foT^wRT_i/o«ia»ia 
(tm) ^wrt_i /o9SMnm^m^~^/)vs 

0 1 KHftjftU Xfy^9 1 9 7?¥^ffi«»JH**^> 
^8 0 2 (N) H>^U^>ht5, M, Xt7^9 
35 1 7C0^m W9WRT_I/OfflgPSM (tm) (DI 
if) fc<hx.«TfBcD (SCl) l:M*$ft510 

[0 0 5 0] 
[f£l] 

40 

t t *m x iV + At 

t ff 0 5 1 ]^VbfBto e fc o \z ITWR T__ f/O 1 ®! 
P#P*1 (tm) £fi»JU C0WRT_I/O»I*W1 

45 Ff^X^^yXfA 1 0 5 KKW ftfr&ofc*** h 

ocDHMtc, wwrt_i /oiaaptfy] (tm) 

50 &o fei^.tf> U-H^7 7^7^fh^ *cfc« 
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WRT_l/ommmm (tm) ©*/h£Iti!&U tm 
[0 0 5 2] £©<£?(::, TX^-Ut-hST-^fi 

1 7 \z&ttz7-?&m!mm&^ibfzT-i!?ig. 

XfA 10 5 ICTRA I DMTr-^^Mt^«& 
KiJI^T, ^^©U^-h^X*-*:/^;*^ 
A 1 0 5-C'J — K^tV 77-f 9-f h:#5fcfe«fctf£X h 

[0 0 5 3] K±*«iB#CJ:oTft3nfc389J&*Mi 
©jgffiK:jg5£Sti3<b©-? -e©Sg*jftffiiU/j; 

[0 0 5 4] 

[0 0 5 5] *&. #5890©. x-^afcfBtft-y-:/^ 

t- A N tc^tt 6 tlfcx- * ^Aft©*^©^— * eiii^ 
K©ftW©lS**«liWbTx-^IEjMJfigS©ffiffl^* 

[0 0 5 6] Sfc. #fgHJ(Dx-^#«<t?E1frtf-:/->X 
y-ACkntf, ^fift*^©x-^S©*i*:*«i±L^ 

[0057] *%w<DT-?&mitm i &*zr>'X7-i±\z 

illH RA I D^©5tSIBtt«^©«^©IBt6S-y-^ 
^©ti^c^WlSiJbT&fBtS-y-y^XxAWSaStt^* 
[a®©ffi^f«cift^] 

[Bii] #bw©— sssMo^ffi-rfca^-i^aflsett 



[0 2] **W©— UttOJgJB-CSS^-^mftElt 

[0 3] sjtt*B©»IBT?»*5*-^*aftE« 
05 •y-^->XxA©^ffl©— tRJS^-r^P— hTfe 

[04] ^JfiOJBffiTfft-S^-^^MftlB* 
10 [0 5] *JS<D»J8T**^-^**ftE« 

[0 6] ^awo-misojgiiTfes^-^^aftE* 

15 £o 

[07] *%w(D-mM<DmmT'&&^-*&mittm 

[0 8] **M©--*Jfi<D»!B-C?**x-^*«ftE* 

[09] *3£W(D~mm<DmmT'&&^-?&mmm 

25 [«F#Oitt«] 

1 0 l-**4fig«« (±fiSf) , 1 0 

mmm. 10 4-^r^XWy7fA (Si© 

30 X^A (S2 0E»H-^'>XfA) , 10 6— *fCPU 
^-^IBSItf-K 10 7-^CPUWfflynt7 
U\ 1 0 9 -5*— ^ JESrlelJSIHIS 

r-ZfJls (AWIfflffREtt^g:) , 1 1 1 

35 st#-K m-wut-mwffl^Dty*, ii 

x-^£i£^-K 116-r>fXi7E»Si, 117 

iM^SS) , 2 0 4-1ftfi«a#-f >^t— 2 04 
40 a---ftfrta:^;jgSflH]^l5ti^-7 r ;^'Y 2 0 4 b 

tH:«MJe«rlEl»E«^-^3p-f 2.04 c - 

-nimmmmmm^-?)^^ so 1 

WR T_ I /OffiS^R**^- 8 0 2 -^«g 



10 - 



2003 06 27 14:52 



0-333838 
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[H2] 
HI 2 



[08] 
M 8 



204c- 

204b- 
204a- 



204: MiV&mm >y-^r-70U 



109 



201: Htflel^ST— ^ ^202: K*fE«tl 



iter— tvi^ 



108 



CYL#0 


3r£*rE!»2Ett* 


CYL#1 




CYL#2 




CYLJt? 


KKntUBtttt 




CYL#a 





C Bp 



CYL#0 






je*fig«aetat« [ 










CYL#o 





cvl#2 3Cttiaaffi«* 



CYL#3 jCKsttEta* 




[03] 



7<^y 7*301 
:*^y 7*302 

7*303 



Xy-y 7*304 



JL 



7*305. 



7.^^7*306 . 




y 7*307 



— 



WRT_VO^T^fe- 
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[04] 



J*?»y 7*410 




Yci 



T 



V* S3r -ftttipE&rta» 



T 



X 



y i 



i X-^y7M0S 
^ ! y 7*407 




Xyy 7*503 



I 
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[06] 
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ftmW- 1 0-3 3 3 8 38 



[07] 



116 116 



4 



116 



116 



TRK#0 



Parity #m 



TRK#0+1 



frRKggXl+l[ 



|TRg#nx m | 



| TRK#0+n-l 



| Parity #n x| | 



TRK#nXm+(n-2) 



Parity #0 | 



TRK#nXl+(n-l) 



|TRK#nXm+(r>-l) | 



n+UH 



[139] 



- >e»v • ~ 



X-^y 7*917 



Xyy 7^918 



;*-^y7*9t9 "\ T—Vfi' 



y 7*919 y 



z:fifl:wRT_i/o^fftoai 

| Xy^y 7*910 



^x#f^ 

KWRTav 



y 7*911 
7*912 



Return j 
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